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PERFORMANCE AND BEHAVIOR OF EARLY–WEANED 
PIGS IN HOOP STRUCTURES
M. E. Larson,  M. S. Honeyman,  J. D. Harmon
ABSTRACT. A series of six trials involving a total of 1,440 crossbred nursery pigs (6.7–kg initial wt) was conducted at two Iowa
State University research farms from December 1999 to August 2000. Three small–scale hoop structures (6.0  10.8 m) were
divided lengthwise to form two pens (3.0  4.5 m) per building for a total of six pens. Six pens (1.7  4.0 m) in a mechanically
ventilated confinement nursery with slatted floors were used for comparison with the hoop structure pens for each 5–week
trial. The hoop pens were equipped with hovers and heat lamps for the winter and spring trials. In each trial, 240 crossbred
nursery pigs were weaned at 18 to 22 days old and allotted by weight and litter to one of the six pens found in either the hoop
(n = 120) or confinement (n = 120) nursery facility. Four commercial diets were fed in both housing systems in phase for the
duration of each trial. During the first 2–week postweaning, the pigs in hoop structures grew 23% slower (P < 0.001) and
consumed 23% less feed (P < 0.001) than the pigs in confinement. Both housing systems had similar Average Daily Gain
(ADG), Average Daily Feed Intake (ADFI), and Gain:Feed (G:F) for the last 2 weeks of the trial (p > 0.10). As expected,
the performance parameters (ADG, ADFI, G:F) were affected by the building and season interaction during each 35–day
trial. In all seasons, the hoop pigs’ ADG and ADFI were less than the confinement pigs for the first 2–week postweaning (P
< 0.05). During the winter, overall (5 weeks), the pigs in hoop structures grew 5% slower and consumed 9% less feed, but
were 5% more efficient converting feed to live weight gain than the pigs in confinement (P < 0.05). In the spring, the pigs
in hoop structures grew 7% slower (P < 0.05), consumed 6% less feed (P < 0.05), and had similar feed efficiencies (P > 0.05)
as the pigs in confinement during the 5–week trial. During the summer, the pigs in hoop structures grew similarly (P > 0.05),
consumed 6% less feed (P < 0.05), and were 8% more efficient (P < 0.05) than the pigs in confinement for the 5–week trial.
Bedded hoop structures have not been widely studied as a cold nursery facility during the colder months. The results suggest
that older, heavier pigs may perform better when placed directly into a cold facility such as a hoop structure. Further trials
with adjustments made to the bedding, heat source, hovers, feeders, and management may improve the growth performance.
Keywords. Alternative swine production, Bedded swine housing, Early weaning, Hoop structures, Animal housing.
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A hoop structure is a Quonset–shaped or half–moon–
shaped structure with sidewalls and a tough polyethylene
fabric cover, which is resistant to abrasions and UV radiation.
A typical hoop structure for finishing pigs has a concrete pad
at one end with waterers and feeders. The remaining area is
packed soil and is bedded for pig dunging and sleeping
(Honeyman et al., 1999, 2001). Work in Iowa has shown that
hoop structures are low–cost (about 1/3 the cost of new swine
finishing confinement facilities) and have similar cost of
production as confinement–fed pigs (Honeyman et al.,
2001).
Hoop structures were initially developed in Canada, but
the concept originated from the revival of outdoor swine
housing systems in England, Denmark, Sweden, and Japan in
the 1970s and 1980s (Andersson and Botermans, 1993;
Jensen and Andersen, 1993; Thornton, 1988, 1993; Gadd,
1993). Primarily used as finishing facilities, hoop structures
are also used as gestation housing, isolation units, gilt
development units, breeding facilities, and for bedding
storage.
In the last decade, typical pig flow patterns have
undergone many changes, resulting from innovative con-
cepts and consolidation of facilities by producers (Harris,
2000). A new concept called wean–to–finish consists of the
adaptation of nursery and finishing production into a
single–stage production system (Harris, 2000). Wean–to–
finish production is successfully working with new and
M
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retrofitted confinement barns and has the advantages of less
moving and mixing of pigs, less labor sanitizing facilities,
and equal or better pig performance. Also, no specialized
nursery facilities are needed. However, the wean–to–finish
buildings are only turned about twice per year rather than 2.5
to 2.8 times per year for a finishing facility, which reduces the
throughput on those buildings. Bedded hoop structures may
work as a wean–to–finish housing system if nursery pigs can
efficiently grow throughout various seasonal temperature
extremes. Because of the low capital investment of hoop
structures, the effects of the higher fixed costs resulting from
the slower turnover of wean–to–finish facilities would be
minimized.
The experiment objectives were: 1) to evaluate and
document the physical environment and growth performance
of nursery pigs in hoop structures compared with those reared
in confinement nurseries, and 2) to measure the time that
nursery pigs spent on the straw versus the plastic–coated
metal floor, and whether the pigs were huddled or separate
when exposed to diurnal temperature patterns.
MATERIALS AND METHODS
ANIMAL’S DIETS AND MANAGEMENT
Six replicated trials involving a total of 1,440 piglets
(6.7–kg initial body weight) were conducted at two Iowa
State University research farms from December 1999 to
August 2000. The pigs were all from a single source farm and
were born in typical farrowing crates with plastic–coated
expanded–metal  flooring in farrowing rooms with supple-
mental heat and mechanical ventilation. In each trial, 240
crossbred piglets (from predominantly white line sows bred
to terminal Duroc sires) from 30 to 37 litters were weaned at
18 to 22 days of age and received injections of 0.5 mL of
ivermectin and 1 mL of penicillin. The pigs were then
weighed, allotted, and moved to their assigned housing
facility (hoop or confinement).
During each trial, all pigs received the same standard
commercial  diets (Carl Akey Inc., Lewisburg, Ohio) for both
housing systems. Four diets were fed in phase for the duration
of the 5–week trial (table 1). Diets 1, 2, and 3 were fed during
weeks 1, 2, and 3. Diet 4 was fed during weeks 4 and 5. The
diets contained nutrient concentrations that met or exceeded
the estimated nutrient requirements of nursery pigs (NRC,
1998).
The same feeding procedures for the six replicated 35–day
trials were used in both housing systems. To encourage the
nursery pigs to use the self–feeders, feeding mats were placed
Table 1. Summary and calculated analysis of pig diets.
Diet no. 1[a] 2[b] 3[b] 4[b]
Pig weight (kg) 6–8 7–10 9–13 12–22
Period fed Week 1 Week 2 Week 3 Weeks 4–5
Diet form Pelleted Meal Meal Meal
Calculated analysis
    Lysine (%) 1.5 1.4 1.3 1.2
    Crude protein (%) 19.0 20.1 19.8 19.1
    Fat (%) 7.0 3.8 3.5 3.3
    Metabolizable energy (kcal/kg) 3,241 3,153 3,146 3,128
[a] Supplemented with 5–g/kg cholortetracyline.
[b] Supplemented with 5–g/kg CSP (cholortetracyline/sulfathiathzole/
penicillin) 250.
next to the feeders for the first 4 days of the trials. All feeding
mats had a lip to reduce feed waste. At the beginning of each
trial, all pigs were fed twice a day for the first 2 d of the trial.
All pigs were fed Diet 1 (pelleted) on nursery mats for the first
4 d of the trial with additional feed placed in the self–feeders.
After 4 days, all pigs were eating from the self–feeders, and
the mats were removed. Waste feed was not collected;
however, consistent efforts were made to minimize feed
waste and adjust self–feeders. Both housing systems had
seven pigs removed for health reasons or due to death during
the six trials. Thus a total of 1,426 nursery pigs completed the
trials in the hoop (n = 713) and confinement (n = 713) housing
systems. The gain of the pigs removed during each 5–week
trial was not included in the analysis. Feed consumption by
the removed pigs was estimated by averaging the pen’s feed
intake between the day of removal and the start of the trial.
The feed intake attributed to the removed pig was subtracted
from the pen’s total feed intake.
The pigs and feeders were initially weighed at weaning
(day 0) and at 1–week intervals until the completion of each
5–week trial. Average daily gain (ADG), average daily feed
intake (ADFI), and gain:feed (G:F) were recorded for each
replicate pen of the six trials.
HOUSING
Three small–scale hoop structures (6.0  10.8 m) at the
Iowa State University Western Research Farm, Castana (lat
42° 06’ N, long 95° 82’ W; elevation 436 m) were oriented
in a north and south direction in order to take advantage of the
prevailing summer winds (fig. 1). The small–scale hoop
Figure 1. Diagram of hoop structure nursery pens. The experimental pens
(3  4.5 m) in each hoop structure were 2.7 m from the south end and 3.6 m
from the north end of the hoops. The south part (3  4.5 m) of the
experimental pen was composed of a 15.2–cm deck of perforated
expanded metal with a plastic coating, and made up 47% of the total pen
space. The north end (3  2.4 m) consisted of a bedded dunging and
sleeping area including hovers. The hovers were used during trials 1, 2, 3,
and 4 only.
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structure end walls had a crescent–shaped vent at the top,
similar to grow/finish hoop structures, for reducing con-
densation in the building during winter. Solid end walls with
3.0– × 3.0–m garage doors at both ends of the hoop were
installed rather than the typical tarp end walls on most hoop
structures. During the winter and spring trials, the garage
doors remained closed to reduce the drafts in the building.
The three hoop structures were divided lengthwise to form
two pens per building. The experimental pens (3.0 × 4.5 m)
in each hoop structure were 2.7 m from the south end and
3.6 m from the north end of the structures. The south part
(3.0 × 2.1 m) of each experimental pen was a plastic–coated,
expanded metal deck raised 15.2 cm that made up 47% of the
total pen space. The north end (3.0 × 2.4 m) consisted of a
bedded dunging and sleeping area. It was initially bedded
with 15.2 cm of oat straw. Straw was added as needed. Each
hoop pen was equipped with a five–hole feeder with feeding
spaces 15.2 cm wide and 12.7 cm deep. A drinker–style
waterer with two drinking spaces was shared between the two
pens. The waterers and feeders were located on the perforated
flooring area.
A fully enclosed, mechanically ventilated confinement
nursery with a plastic fully–slatted floor at the Iowa State
University Lauren Christian Swine Research and Demon-
stration Farm, Atlantic (lat 41° 22’N, long 95° 04’W), was
used. The two farms were approximately 95 km apart. The
confinement nursery was divided into four rooms (11.7 
4.7 m) with a capacity of 200 pigs per room (fig. 2). Only one
room at a time was used during the six trials. There were eight
pens (1.7  4.0 m) in the experimental room, and the middle
six pens were used for the trials. Every pen was equipped with
one nipple cup waterer and a six–hole feeder with feeding
spaces 14.6 cm wide and 10.2 cm deep. Each nursery room
had three variable speed fans  two 30.5–cm fans and one
61–cm fan (MultiFan, Bloomington, Ill.). The larger fan was
used only in warm weather. The ventilation system was a
Figure 2. Diagram of the confinement nursery room. The middle six pens (1.7  4 m) were used for each 5–week trial. The sensor was installed at the
pig–occupied zone (0.45 m high) in the middle of the confinement nursery.
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negative pressure system. An air inlet plenum (0.61 × 0.92 m)
with ten gravity inlets ran the length of each room at the
wall/ceiling juncture. Inlets opened as air was needed. Each
room also had one large air inlet in the end wall (54.6 ×
106.7 cm) that opened when the primary fans reached full
speed and the secondary fan began during warm conditions.
Each room also had one 17.6–kw heater (L.B. White,
Onalaska, Wisc.). The primary fans were set at 30%
minimum speed and temperature at 32°C when pigs were
placed in the room. Temperature was reduced after 3 to
4 days, 0.6°C per day to a minimum temperature of 18°C.
The two 30.5 cm fans were rated at 0.54 m3/s and the 61–cm
fan was rated at 1.61 m3/s. The target ventilation rate was
3.4 m3/h–pig, which was achieved using one of the 30.5–cm
fans and a variable speed controller. The minimum speed was
set as approximately 30% and adjusted to maintain adequate
air quality. All animal facilities were in very good condition.
Stocking Density
The confinement facility was designed for a maximum
capacity of 200 pigs per room, with eight pens (1.7  4.0 m)
of 25 pigs at a stocking density of 0.3 m2/pig. The stocking
density of the confinement complied with the MWPS (1997)
guidelines of 0.3 m2/pig with a minimum pen width of 1.5 m
for pigs up to 22.7 kg. When designing the hoop structure
pens, special attention was paid to the stocking density. Most
hoop structures used for swine production are operated as
deep–bedded systems. MWPS (1997) states that space
requirements for deep–bedded systems are three to four times
greater per pig than those systems on fully slatted floors,
partially slatted floors, and other floor systems.
Twice the amount of confinement space was provided in
the hoop pen (0.6 m2/pig). Due to limited pig availability, the
number of pigs per pen was reduced to 20 pigs per pen, with
a stocking density of 0.37 m2/pig in the confinement housing
system and 0.75 m2/pig in the hoop structures. The space
requirement ratio of 1:2 remained unchanged for the
confinement and bedded hoop structures.
Hovers
All hoop pens were equipped with hovers during trials 1
through 4, which were conducted from December 1999 to
May 2000. A hover is a rectangular enclosure with solid
sides, a solid roof and back, bedding on the floor, and a
partially closed open front. The hovers (3.0 × 1.2 m) were
constructed from plywood (0.95 cm thick). The height of
each hover was 1.1 m, which was determined by the height
of the gating which supported the hover top. Four equally
spaced (0.75 m apart) heat lamps (250 W) were attached to
the top of each hover, with the reflective shields and bulbs
hanging on the underside of the hover. The front of each
hover was partially blocked by plywood (1.5 × 1.1 m) to
minimize drafts. A single (2.7 × 0.9 m) sheet of plywood was
attached to the front gate in each pen to minimize drafts for
all trials. Trials 5 and 6 did not utilize hovers, because of
warm temperatures.
Environmental Monitoring
During each trial, relative humidity and temperature
loggers (HOBO Sensor, Onuset Computer Corp., Bourne,
Mass.) were placed in both housing systems and outdoors to
record temperature and relative humidity. The logger has an
accuracy of ±0.4°C in standard resolution. The loggers were
programmed to record temperature and relative humidity
measurements every hour for the 5 weeks. One logger was
installed at the pig–occupied zone (0.4 m above the floor) in
the middle of the confinement nursery (fig. 2). Five loggers
were used to document the temperature and relative humidity
in the hoop structures (fig. 1). Loggers were placed 1.1 m
high on the dividing wall of each pen, under the hover, and
an exterior solar–protected logger measured ambient condi-
tions (fig. 1).
Videotaped Pig Behavior
Time–lapse photography (1 frame/0.4 s) was used to
record the amount of time that nursery pigs spent on the straw
versus the plastic–coated metal platform, and whether the
pigs were huddled or separate, when exposed to diurnal
temperature patterns. During the third week of trial 5, one
wide–angle video camera was mounted (2.7 m high) at each
end of the hoop structure to record the behaviors exhibited by
the nursery pigs for the remaining 3 weeks of the trial. The
buildings were naturally illuminated during the day by the
sun. Halogen lights (500 W) supplied lighting for the
nighttime hours. Each hoop pen was filmed 24 h per day for
3 weeks. Three 5–day periods were analyzed to look at the
effects of cold and heat stress (11 to 35°C) on floor
preference.  From the videotapes, 15–min scan samples were
used. The scan samples were averaged into 3–h blocks with
eight observations per day and analyzed by period 1, 2, and
3. To examine the effects that temperature and age had on
floor preference, the temperature data were divided into five
temperature ranges (11 to 15, 16 to 20, 21 to 25, 26 to 30, and
31 to 35°C). Within each range the temperature was averaged
(13, 18, 23, 28, and 33°C). Data were examined at 0300 and
0600 h for the coolest part of the day (cool period), and
1500 h and 1800 h for the hottest part of the day (hot period).
Data was collected on the behavior of the hoop–fed pigs only.
DATA ANALYSIS
Data were analyzed with analysis of variance techniques
using general linear models procedures of SAS (1996). The
error term used to test the effects of season, building, and
building × season were trial (season), building × trial
(season), and building × trial (season), respectively. Data
were reported as least squares means. Behavior data were
analyzed by the analysis of variance techniques using general
linear models procedures of SAS (1996). All data were
analyzed with the pen of pigs as the experimental unit.
RESULTS AND DISCUSSION
GROWTH PERFORMANCE ACROSS SEASONS
Averaged over seasons, the pigs in confinement had
heavier body weights at each weigh day than the pigs raised
in hoop structures (P < 0.001) (table 2). Initial weaning
weight (6.74 kg) was similar for both housing systems
(P > 0.94). The confinement pigs’ ADG was more than pigs
raised in hoop structures for the first 2–weeks postweaning
(P < 0.001). For the last 3 weeks of the trial, the ADG for pigs
in hoop structures and pigs in confinement was similar
(P > 0.58, 0.93, and 0.15, respectively). Overall (1 to
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Table 2. The effect of housing system on growth 
performance of early weaned pigs.
Housing System[a]
Item Hoop Conf SEM Prob.
Pens of pigs[b] 36 36 — —
Initial age (d) 20.6 20.0 0.04 0.001
Final age (d) 55.6 55.0 0.04 0.001
Weight (kg[c])
    Start 6.74 6.74 0.007 0.94
    Week 1 7.54 7.78 0.02 0.001
    Week 2 9.23 9.80 0.04 0.001
    Week 3 12.16 12.71 0.06 0.001
    Week 4 15.82 16.35 0.08 0.001
    Week 5 20.04 20.49 0.10 0.003
Daily gain (g)
    Week 1 114 148 2 0.001
    Week 2 241 289 4 0.001
    Week 3 418 414 5 0.58
    Week 4 521 520 6 0.93
    Week 5 603 591 6 0.15
    Week 1–5 380 392 2 0.003
Daily feed (g)
    Week 1 160 235 1 0.001
    Week 2 369 416 4 0.001
    Week 3 591 671 6 0.001
    Week 4 856 870 8 0.25
    Week 5 1021 1024 10 0.80
    Week 1–5 601 644 0.9 0.001
Gain:feed ratio (g/kg)
    Week 1 712 629 16 0.001
    Week 2 653 695 9 0.001
    Week 3 707 617 7 0.001
    Week 4 609 598 6 0.22
    Week 5 590 577 5 0.13
    Week 1–5 632 609 3 0.001
[a] Hoop denotes a bedded hoop structure. Conf denotes a mechanically 
ventilated confinement nursery building.
[b] There were 20 pigs per pen at allotment.
[c] Weights are at end of week denoted.
5 week), the pigs in confinement grew faster than the pigs in
hoop structures (P < 0.003) (table 2).
During the first three weeks, the pigs in confinement had
a greater ADFI than the pigs in hoop structures (P < 0.001).
The ADFI for all the pigs were similar (P < 0.25 and 0.80) to
the last two weeks of the trial. Overall, the ADFI was more
for the pigs in confinement than pigs in hoop structures
(P < 0.001) (table 2).
The pigs in hoop structures were more efficient in
converting feed to live weight gain the first week postwean-
ing than the pigs in confinement (P < 0.001). The second
week postweaning, the pigs in confinement were more
efficient than pigs in hoop structures (P < 0.001). During the
third week, the pigs in hoop structures had similar gains and
lower feed intakes than pigs in confinement, resulting in an
improved G:F ratio (P < 0.001). For the last 2 weeks of the
trial, both housing systems had similar G:F ratios (P > 0.22
and 0.13, respectively). Overall (1–5 week), the pigs in hoop
structures were more efficient than pigs in confinement
(P < 0.001).
When utilizing hoop structures as a nursery facility, swine
producers must pay special attention to the pigs for the first
two weeks postweaning. The hoop environment is a dramatic
contrast to the controlled environment of the farrowing room
and confinement nursery. In a commercial setting, larger
numbers of pigs in a hoop structure would generate additional
heat during cold seasons than the small number of pigs used
in this study. At weaning, the hoop pigs were exposed to many
changes compared with the prior environment of the
farrowing crate, including bedding, diurnal temperature
cycles, contrasting changes in humidity, stocking densities,
hovers, and drafts. The hoop pigs grew 23% slower, and
consumed 23% less feed during the first two weeks
postweaning. During the first two weeks, the confinement
pigs’ ADG and ADFI were similar to those observed by
Mahan et al. (1998). The variable environment in the hoops
may have caused the decrease in ADFI. During the winter and
spring, the hoop pigs may have preferred to stay in the
warmer environment of the hover and may have been less
likely to consume feed in the colder hoop environment. It
may also be possible that pigs raised in hoop structures
consumed small amounts of the bedding, causing the
reduction in ADFI. The hoop pigs partially compensated for
the slow gain with more rapid or equal gain later in the trials.
For weeks 1, 2, and 3 the pigs in hoop structures had similar
gains compared with pigs in confinement. Overall, the hoop
pigs in these trials grew 3% slower, consumed 7% less feed,
and finished the trial 2% smaller (table 3) in facilities that
cost approximately one–third to one–half that of the
confinement facility (per pig space) (Honeyman et al., 1999).
Other wean–to–finish confinement systems, like the hoop,
may not perform at the level of the pigs in this confinement
nursery, because the environment in a confinement finisher
may be less ideal for the newly weaned pig. The environment
for the newly weaned pig is critical for optimizing growth.
After examining the overall effects of housing system on
growth performance, it was concluded that the hoop and
confinement housing systems may require two different
types of management styles. The management of early–
weaned pigs in hoop structures needs to be further developed
and refined.
SEASONAL EFFECTS
Pig health was excellent, i.e. there were no confirmed
diseases. Fourteen pigs died during the trials. There was no
apparent seasonal trend in pig mortalities. Mortality rate did
not exceed 1% in any trial. As expected, season affects the
performance of nursery pigs raised in hoop structures. The
performance of early weaning in hoop structures may be
improved on a year–round basis by examining the seasonal
effects (table 3). In all seasons, the hoop pigs’ ADG and ADFI
were less than the confinement pigs for the first two weeks
postweaning. For the first 2 weeks post–weaning, the hoop
pigs ate 10% less feed and grew 8% slower compared with the
confinement pigs during the winter. In the spring, the hoop
pigs ate 32% less feed and grew 35% slower compared with
the confinement pigs. During the summer, the hoop pigs ate
19% less feed and grew 25% slower than the confinement
pigs. The seasonal effects were the least when the season
would seem to be the harshest (winter).
The first two weeks postweaning proved to be a very
critical time in getting the pigs acclimated to the hoop
structures. The pigs were experiencing many stressors at
weaning. Access to full feed, or possibly feeding the pigs
under the warm hover, may have increased the ADFI. The
hover temperature followed a diurnal pattern, but the
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Item Hoop Conf Hoop Conf Hoop Conf SEM
No. of pens[d] 12 12 12 12 12 12 ––
Initial age (day) 20.3b 20.4b 20.7a 19.4c 20.7a 20.2b 0.08
Final age (day) 55.3b 55.4b 55.7a 54.4c 55.7a 55.2b 0.08
Weight (kg)[e]
    Week 1 6.08f 6.60e 7.09a 6.75d 7.04b 6.86c 0.01
    Week 2 7.00p 7.42o 7.90m 7.95m 7.71n 7.97m 0.03
    Week 3 8.58j 9.29i 9.72h 10.31g 9.39i 9.81h 0.07
    Week 4 11.45j 12.05i 12.78h 13.41g 12.26i 12.66h 0.11
    Week 5 14.75e 15.50d 16.59b 17.11a 16.09c 16.44b,c 0.15
    Week 1–5 18.64k 19.78j 20.86h 21.55g 20.62h,i 20.15i,j 0.18
Daily gain (g)
    Week 1 129b 116c 116c 170a 95d 158a 5
    Week 2 225d 267b 260b,c 337a 240c,d 262b 8
    Week 3 409b 394b 436a 443a 409b 406b 8
    Week 4 471b 492b 545a 528a 546a 539a 10
    Week 5 554c 610b 609b 633a,b 647a 530c 10
    Week 1–5 358d 376c 393b 422a 387b,c 379b,c 5
Daily feed (g)
    Week 1 172j 192i 153k 251h 151l 263g 2
    Week 2 330o 392n 390n 467m 394n 384n 8
    Week 3 601c 621c 652b 725a 528d 668b 10
    Week 4 752i 877g,h 918g 895g 905g 838h 10
    Week 5 996c 1050a,b 1059a 1018a,b,c 1018a,b,c 1002b,c 10
    Week 1–5 569d 627b 635b 672a 596c 631b 7
Gain:feed ratio (g/kg)
    Week 1 749a 607b,c 758a 680a,b 629b,c 599c 20
    Week 2 681a,b 681a,b 667b 721a 609c 682a,b 16
    Week 3 680b 634c,d 668b,c 611d 775a 608d 13
    Week 4 630a,b 561d 593c 589c,d 603b,c 643a 10
    Week 5 557b 580b 575b 622a 636a 529c 9
    Week 1–5 629b 600c 618b 628b 649a 600c 6
 
[a] Season denotes time of year that pigs were housed. Winter was December, January, and February; Spring was March, April, and May; Summer was 
June, July, and August.
[b] Hoop denotes a bedded hoop structure. Conf denotes a mechanically ventilated confinement nursery building.
[c] abcdef LSMeans in the same row with different superscripts differ (P < 0.05).
ghijkl LSMeans in the same row with different superscripts differ (P < 0.01).
mnop LS Means in the same row with different superscripts differ (P < 0.001).
[d] There were 20 pigs per pen at allotment.
[e] Weights are at the end of week denoted.
effective temperature did not fluctuate as much as the hoop
environment.  The pigs in hoop structures were exposed to
cold environmental temperatures on the average that were
below their lower critical temperature during the winter. All
pigs were limit fed the first 2 days of each trial, which may
have resulted in less feed energy available for growth in the
cold for the pigs in hoop structures (Close et al., 1981).
However, the ADFI for hoop pigs during the first week were
similar to feed intakes reported by Brumm and Shelton
(1988) for normal pig growth. When pigs are exposed to
cooler temperatures, they increase their ADFI and reallocate
more nutrients to maintain body temperature causing poorer
feed efficiency. However, the increase in feed intake did not
occur in the hoop pigs for this experiment, or in the research
reported by Brumm et al. (1985) and Brumm and Shelton
(1988). The heated hovers and bedding modified the
effective temperatures for the pigs and minimized the need
for heat production. In order to get acclimated to the hoop
environment during all seasons, the pigs in hoop structures
used the first two weeks postweaning as an adjustment
period. After this period, their growth rates were similar to
the pigs in confinement. The hoop pigs’ ADFI increased with
age and by week 3 and 4 was comparable to confinement
pigs’ feed intakes. If the small pig was unable to increase feed
intake in response to the colder environment during the first
2 weeks, then improving the environment was the key to
improved pig performance (table 3).
Overall (1 to 5 week), the pigs in hoop structures grew 5%
slower, consumed 9% less feed, but were 5% more efficient
than pigs in confinement during the winter (table 3). In the
spring, the pigs in hoop structures grew 7% slower, consumed
6% less feed, and had similar feed efficiencies as the pigs in
confinement during the 5–week trial. During the summer, the
pigs in hoop structures grew similarly, consumed 6% less
feed, and were 8% more efficient than pigs in confinement for
the 5–week trial. Again the hoop pigs partially offset the
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setback of the first 2 weeks postweaning. Overall, the winter
and spring groups of hoop pigs could not offset the
differences in growth performance that occurred in the first
14 days, whereas the summer group could (table 3).
Hoop structures have not been previously evaluated as
cold nursery facilities. The hoop structures tend to be more
labor intensive, especially with nursery pigs. It may be
beneficial  to wean 1 week later in the colder months so the
pigs are larger when they are moved to the hoop structures.
Further trials with adjustments made to the bedding, heat
source, hovers, feeders, and management may improve the
growth performance of nursery pigs raised in hoop structures.
TEMPERATURE AND HUMIDITY
Pigs in small–scale hoop structures were exposed to a
wider variety of temperatures and humidities than confine-
ment–housed pigs during various seasons (table 4). The pigs
in hoop structures were exposed to temperature shifts from
day to day plus a diurnal temperature cycle, whereas the
confinement pigs experienced a steady gradual temperature
reduction throughout the time of the test. The thermal
environmental  recommendations for pre–nursery pigs (4.5 to
14 kg) without bedding are 27°C to 32°C, 15.5°C, and 35°C
for the comfort zone (CZ), the lower critical temperature
(LCT), and the upper critical temperature (UCT), respective-
ly (NPPC, 1996). The thermal environmental recommenda-
tions for nursery pigs (14 to 35 kg) without bedding are 18°C
to 27°C, 4.4°C, and 35°C for the CZ, LCT, and UCT,
respectively. Using the NPPC recommendations, the hoop
and confinement pigs spent 3 weeks in the pre–nursery period
and 2 weeks in the nursery period based on body weight.
During all seasons, the diurnal temperature pattern in the
hoop structures fluctuated outside the thermoneutral zone of
the pigs. The hovers helped stabilize the fluctuation in the
diurnal temperature pattern in the winter and spring.
Mount (1975) stated that the addition of straw to a pen of
growing pigs increased the effective environmental tempera-
ture by 3.9°C. The addition of bedding can also be stated as
lowering of the LCT for pigs using straw. The effective
temperature for pigs on concrete slats is reduced by 5°C and
for pigs on wet, solid concrete is reduced by 5°C to 10°C. Pigs
in the enclosed nursery were on a plastic flooring which had
very little effect on their effective environmental tempera-
ture. In addition, composting action in the bedding pack
could further increase the effective temperature.
During the winter season, almost all of the hoop
temperatures during the first 3 weeks were below the LCT of
pigs less than 14 kg (table 4). The temperatures of the
confinement were above the LCT and near the CZ for pigs
less than 14 kg. During the winter the pigs in hoop structures
were exposed to higher humidity levels than the confinement
pigs, but with the hovers the humidity levels were similar
(table 4).
During the spring season, the overall hoop temperature for
the first 3 weeks averaged 11.9°C, which is similar to the
effective LCT (table 4) when straw bedding is considered.
The overall confinement temperature for the first three weeks
averaged 24.1°C, which is near the CZ and above the LCT.
During the spring the pigs in hoop structures were exposed to
higher humidity levels than the confinement pigs, but with
the hovers the humidity levels were similar (table 3).
During the summer trial, no hovers were used in the hoop
structure pens. During the summer season, the overall hoop
temperature for the first three weeks averaged 22.6°C
(table 4). In the summer hoops, average low temperatures
were at or above the LCT for pigs less than 14 kg when the
straw bedding adjustment was made. The high temperatures
did not generally exceed the UCT. The overall confinement
temperature for the first three weeks averaged 25.4°C. For
brief periods during the summer, the UCT for nursery pigs
was exceeded in the hoops. During the summer, the pigs in
hoop structures had similar humidity levels as the pigs in
confinement (table 4).
The hovers were beneficial in providing a warm microcli-
mate and reducing drafts. Air temperatures were at least 8°C
to 10°C warmer under the hovers (table 4). In addition, the
radiant–nature  of heat lamps would further enhance the
effective temperature for the pigs. Air velocity was not
measured in the hover, but was minimal because of the
boxlike construction.
In a commercial application of wean–to–finish in large
hoop structures, hovers would be crucial to the success of the
early–weaned pig. Large heated modular hovers, somewhat
similar to poultry brooders, would be needed. Even during
summer applications, there would be a benefit from hovers
based on temperatures recorded in this trial (table 4).
Dunging Patterns and Bedding
During the winter and spring months, heated hovers were
used in the back of each pen. Straw bedding was added to
each pen at a sufficient rate to prevent the bedding from
getting wet due to urine and feces. The hoop pigs quickly
established a dunging pattern along the pen walls and near the
feeder and waterer. Inside the hover the surface bedding
stayed dry, but some composting of the manure started to
generate heat under the fresh bedding. A majority of the
bedding outside the hover began to compost and gradually
accumulated  until the end of the 35–day trial. As the pigs
grew, an increase in the aerobic decomposition in the bedded
pack generated heat, which increased the effective ambient
temperature (EAT). The composting bedding produced
elevated temperatures similar to the bedding packs in hoop
barns with finishing pigs (Honeyman et al., 2001). Careful
management  of the bedding pack is important for 1) control-
ling of drafts (allowing animals to burrow into the straw
reducing skin exposure to the environment); and 2) reducing
the sensible heat loss through conduction during extreme
temperature fluctuations.
Behavior
The pigs in hoop structures expressed normal behavior
patterns when exposed to hot and cold conditions (Geers
et al., 1990). During trial 5, the pigs experienced temperature
extremes of 11°C to 35°C during a 15–day period. Regardless
of age, there was a decrease in the number of pigs found on
the straw–bedded area as air temperature increased
(P > 0.001). The pigs also preferred to lie apart from one
another as the temperature increased (P > 0.001). As the pigs
were exposed to hotter conditions they preferred to lie on the
plastic–coated  metal platform. When on the platform, the
pigs had a tendency to huddle, which may have been caused
by limited space, drafts, and the traffic area near the feeder
and waterer. As air temperatures decreased, the pigs shifted
from the platform back to the straw–bedded area and huddled
(P > 0.001). When pigs lie side by side in contact with each
598 APPLIED ENGINEERING IN AGRICULTURE
Table 4. Seasonal environmental parameters in a small–scale hoop structure with hover.
Season Winter[a]
Housing System Hoop Confinement
Item Week 1 2 3 4 5 1 2 3 4 5
Temperature (°C)
     High 15.6 8.6 6.3 15.6 14.1 27.2 26.8 24.8 23.8 24.0
     Low –9.4 –12.4 –14.5 –7.6 –11.2 23.1 21.7 22.7 21.5 19.4
     Avg 1.8 –1.7 –4.4 2.9 0.1 26.0 24.7 23.5 22.5 22.5
Relative humidity (%)
     High 91.1 93.5 87.9 89.1 90.4 55.5 50.8 66.6 62.3 68.4
     Low 35.2 32.8 50.1 37.6 39.1 22.3 23.5 28.2 34.1 31.7
    Avg 70.2 67.6 74.3 66.2 73.5 30.9 33.4 43.2 45.3 48.0
Hover temperature (°C)
     High 24.0 21.3 20.4 26.8 23.2 –– –– –– –– ––
     Low –1.1 –1.3 –1.6 4.5 –0.7 –– –– –– –– ––
    Avg 11.2 9.4 10.2 16.3 11.7 –– –– –– –– ––
Hover RH (%)
     High 64.3 57.4 59.2 64.5 74.6 –– –– –– –– ––
     Low 24.8 21.9 24.8 23.2 32.3 –– –– –– –– ––
    Avg 40.4 37.2 38.7 38.6 53.8 –– –– –– –– ––
Spring[b]
Hoop Confinement
Item Week 1 2 3 4 5 1 2 3 4 5
Temperature (°C)
     High 26.6 22.2 25.4 30.3 26.9 26.9 26.6 27.9 27.4 28.2
     Low –2.0 –0.8 3.0 1.3 2.3 17.0 22.3 22.0 21.1 21.0
    Avg 9.8 10.9 14.9 14.0 13.5 25.5 23.5 23.4 23.6 23.5
RH (%)
     High 89.6 92.2 93.4 88.7 91.2 65.1 71.1 72.5 76.2 68.4
     Low 20.6 16.9 24.8 18.0 21.3 26.1 31.2 37.3 36.9 31.0
    Avg 66.2 56.5 60.3 52.4 55.2 44.2 52.7 53.1 54.1 52.0
Hover temperature (°C)
     High 33.5 28.0 29.7 31.1 29.3 –– –– –– –– ––
     Low 9.4 6.1 9.0 7.2 10.4 –– –– –– –– ––
    Avg 18.5 19.6 19.8 18.6 18.7 –– –– –– –– ––
Hover RH (%)
     High 58.2 62.5 81.0 71.5 80.6 –– –– –– –– ––
     Low 15.8 16.2 24.6 22.6 25.5 –– –– –– –– ––
    Avg 34.7 38.4 50.4 48.1 51.4 –– –– –– –– ––
Summer[c]
Hoop Confinement
Item Week 1 2 3 4 5 1 2 3 4 5
Temperature (°C)
     High 34.5 35.4 32.8 35.1 33.0 34.1 32.1 30.5 29.9 30.9
     Low 12.0 13.4 14.3 17.2 18.1 20.0 20.8 18.7 18.3 19.5
    Avg 21.4 23.6 22.9 24.2 24.5 24.8 26.9 24.4 24.6 25.3
RH (%)
     High 91.7 93.6 90.3 94.6 94.5 90.0 93.2 85.9 84.1 94.5
     Low 36.4 26.5 29.3 29.0 38.3 37.0 51.8 49.0 37.8 46.2
    Avg. 67.4 68.1 66.1 71.4 73.2 65.0 72.7 69.6 67.0 73.9
[a] Mean outdoor winter high temperatures were 3.1°C and the mean outdoor low temperature was –6.9°C. Winter was defined as Dec., Jan, and Feb.
[b] Mean outdoor spring high temperature was 17.7°C and the mean low outdoor low temperature was 5.1°C. Spring was defined as Mar., Apr., and May.
[c] Mean outdoor summer high temperature was 27.9°C and the mean outdoor low temperature was 16.8°C. Summer was defined as June, July, and Aug.
other, the heat loss and physical activities are minimized,
allowing optimum growth to occur (Mount and Ingram,
1965). As temperatures become higher the pigs lie separately
from one another, which causes heat to be more easily
dissipated.
During trial 5, pig behavior during the hottest part of the
day and coldest part of the day was examined. As the daily
temperature increased, the pigs changed from huddling to
spreading out on the straw bedding (P > 0.001); then the pigs
gradually moved to the platform and waited for cooler
temperatures before returning to the straw during the cold
period (P > 0.001). As the pigs grow older, their ability to
tolerate high temperatures decreases, but their ability to
tolerate cooler conditions increases. As the pigs’ age and
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temperatures increased, they spent more time on the platform
during the hot period (P > 0.001). During the summer, for
brief periods, the UCT of the pigs was exceeded in the hoops.
These results indicate that hot and cold temperatures
affect nursery pig behavior in hoop structures. Nursery pigs
can tolerate higher temperatures compared with finishing
pigs without affecting growth performance; however, nurs-
ery pig growth performance is depressed at cooler tempera-
tures more than for finishing pigs. The physical environment
inside the hoop structure is difficult to control for optimum
pig growth. Environmental adjustments need to be made
based on each stage of production. The older the pigs, the
more they are affected by the hotter temperatures. Different
types of management techniques need to be developed for
each stage of production in hoop structures. By understand-
ing the behaviors exhibited by young pigs when exposed to
hot or cold temperatures in hoop structures, swine producers
may be able to make adjustments (more nonbedded floor
space such as the platform or more bedded area, and
sprinklers) to the environment for optimum growth and
comfort to the animal.
CONCLUSIONS
Hoop structures may be used as nursery facilities for
early–weaned pigs throughout the various seasons. The first
two weeks postweaning was shown to be a critical period for
the pigs to acclimate to the variable hoop environment. After
this period, the hoop pigs’ growth performance was similar
to the confinement pigs’. Overall, pig performance may be
similar during the various seasons if producers can offset the
lag shown during the first two weeks postweaning. For many
years, confinement nurseries have been developed and
refined to achieve optimal growth performance. Researchers
and producers may be able to develop and refine the housing
and management of early–weaned pigs in bedded hoop
structures to allow optimal growth and performance on a
year–round basis in the Midwest. Further trials with adjust-
ments made for the bedding, heat source, hovers, feeders, and
management  may improve growth performance.
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